Over the past few years, several countries, including Spain, have been experiencing a period of economic recession. As a result, these governments have reduced their budgets for transport infrastructures (both construction and maintenance operations). The main objective of this study is to analyze whether these budget reductions have an effect on increased accident rates and to perform an assessment of their real economic benefit. Thus, we analyze whether significant changes over recent years are perceptible in the road safety indexes in Spain, in terms of risk, accident fatality, and accident severity. The relation between lower budgets and higher road safety indices is analyzed through linear regression techniques. The results show a strong relation between the Risk Index and the maintenance budget, measured as an average of the last years. In addition, a final economic assessment demonstrates that this reduction in investment had no real economic benefits, especially as the costs of the accidents exceeded the savings in the conservation plans.
Introduction
The consequences of the current economic crisis have affected many countries over the past few years, which have meant that government road construction and maintenance budgets have been reduced. Another consequence of the economic recession is the high reduction in the number and length of journeys by road.
Thus, if we take into account the fact that the number of accidents has remained constant over the past few years, even though traffic volumes are lower, we can conclude that the risk of an accident per kilometre of road has in fact increased. In this paper, a possible relationship between lower construction and conservation budgets and the ratio of accidents is assessed.
To do so, we need to locate the key parameter to analyze this relationship. If we look at the bibliography, we can see different points of view. Hakim et al. [1] presented a critical review of state-of-the-art macro models for road accidents, to identify which variables are more effective, in order to improve levels of road safety: vehicles-kilometre, vehicle fleet, income (in its various forms), percentage of young drivers, intervention policies such as speed limits, periodic vehicle inspection, and minimum alcohol-drinking age. Zou and Yue [2] studied the causes of road accidents by using a Bayesian Network approach. Rifaat and Chin [3] analyzed the severity of accidents using ordered probit models, giving broad consideration to driver characteristics, roadway features, vehicle types, pedestrian characteristics, and crash characteristics.
Chin and Tan [4] adapted the techniques usually employed for road safety audits in Singapore, in order to develop a Road Safety Performance Rating for the quantitative evaluation of safety deficiencies. The application of road safety audits began there in 1998, though they are named "safety reviews", as they are not a compulsory checklist to approve a project. Even more, since the review process is usually qualitative in nature, there are some doubts about their significance and their utility. Hence, the authors developed a quantitative approach to obtain a Road Safety Performance Index (RSPI), a related Road Safety Performance Chart (RSPC), and a Road Safety Performance Rating (RSPR) that can serve as a benchmark for comparisons between various road projects.
In addition, de Leur and Sayed [5] analyzed the objectives that a Road Safety Risk Index must achieve and how to develop it correctly. Hermans et al. [6] focused on an essential step in the construction process of a composite road safety performance indicator: the assignment of weights to the 2 Journal of Advanced Transportation individual indicators. Holló et al. [7] highlighted the limitations of road safety performance indicators, based on examples of certain countries from Central Europe, to conclude that exposure and the socioeconomic climate appear to have a high impact on road safety. Finally, Mannering et al. [8] and Kumar et al. [9] noted the heterogeneity of road-accident data and their specific analyzes which took that issue into account. A similar analysis was conducted by Imprialou and Quddus [10] , who studied how to improve the data collection of accidents, in order to achieve a more usable database.
Various studies have analyzed the effects of socioeconomic variables on road safety [11] [12] [13] [14] [15] . However, it now appears to be of interest to study them once more, since the characteristics of both roads and economy have changed considerably. Law et al. [16] analyzed the effects of the recent economic crisis and the Motorcycle Safety Programme (MSP) on motorcycle-related accidents, casualties, and fatalities in Malaysia. Although their analysis found a reduction in the number of motorcycle-related accidents and fatalities, the authors concluded that the MSP was the main cause for this reduction, with no signs of separate effects due to the economic crisis. On the contrary, Yannis et al. [17] analyzed the effect of annual changes in Gross Domestic Product (GDP) on annual changes in mortality rates, by employing some mixed linear models for 27 European countries over the period between 1975 and 2011. They concluded that a GDP increase is associated with an increase in mortality rates. Yanqun et al. [18] and Goniewicz et al. [19] analyzed traffic safety at a global level and proposed some possible actions and programs for its improvement. Finally, Loo et al. [20] developed an exhaustive review of road safety strategies in Hong Kong, concluding that significant improvements would require the restructuring of road safety activities.
Following this introduction to the problem, Section 2 will show the evolution of the road safety parameters over the years that are under study. Comparisons between risk levels and budgets will be presented Section 3, and the relations between them will be analyzed with linear regression techniques and discussed. Likewise, an economic assessment of the effects of lower budgets will be set out. Finally, the last section will offer some concluding remarks and a summary of the main findings of the study.
Data Analysis
In this section, the data during the recession period (2009-2014) will be analyzed, both economically and from the point of view of road safety. Thus, it is important to establish the extent of the budget reductions for road construction and maintenance, in order to relate it to possible increases in the risk indexes.
The data reflect economic issues, especially the budget allocations for road works, dividing them into the construction of new roadways and conservation and maintenance operations for the network. In addition, the vehicle fleet and the total volume of registered traffic flows (measured in vehicles per km) are also studied. Finally, with regard to the data on safety, both the accident injury rates and the amount of fatalities (within a period of 30 days from the accident) are analyzed. The period of analysis is between 2008 and 2016, allowing us to visualize the evolution of all these parameters during the economic crisis. These data were mainly gathered from various websites of the Spanish Government, as specified in the following sections.
Economic Analysis.
Firstly, it is necessary to establish the annual budget for road construction and maintenance works. The country under analysis is Spain, so the data were gathered from statistical sources available from the Ministry of Public Works Spanish Government [21] .
The last deep recession in Spain lasted from 2009 to 2014, although data were obtained from 2008 to 2017, in order to gain a complete overview of the evolution of the budgets. In addition, we have classified them by construction and maintenance budgets, because of their different characteristics and their impact on road safety. The figures for this period are shown in Table 1 .
Firstly, we can note that both the road construction and the maintenance budgets decreased significantly between 2009/2010 and 2013. Specifically, the reduction amounted to 69% for the road construction budget between 2009 and 2013 34,000,000
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Figure 1: Evolution of vehicle fleet and registered traffic [22, 23] .
and a 38% for maintenance and safety operation from 2010 to 2013. Once this period was over, the budgets began to rise again in 2015, achieving similar values of 2011/2012 by the end of 2016, very much lower compared with the previous ones. Moreover, in 2017, they were decreased again in a very high proportion. It is important to note that the division of these budgets has been slightly different since 2015, so the data are not completely comparable.
On the other hand, it is interesting to compare these values with the traffic volumes supported by the road in these years. Finally, if we analyze the distribution of the vehicle fleet, we can see that, in 2016 (the most recent year with published statistics), 71% of vehicles were cars, 15% were trucks and vans, 10% were motorcycles and mopeds, and the remaining 4% were buses, tractors, and other vehicles types. More interesting is the fact that, in 2016, the average age was 11.5 years for light vehicles and 13.5 years for trucks and vans [23] , demonstrating how the vehicle fleet in Spain was affected by suffered the economic crisis, as were other sectors.
Road Safety Analysis.
In this section, we analyze the accident statistics corresponding to the same period. Table 2 shows the number of accidents and the number of fatalities (within 30 days) on Spanish roads. There, we can see that, in general terms, both data are descending during the period of the economic crisis, while the number of accidents experienced only slight growth between 2012 and 2013, reaching its historical minimum value in 2015. On the contrary, the number of fatal victims was higher than the minimum in 2013, and since that year it increased slightly.
It is obvious that increasingly effective passive safety systems in modern vehicles would probably have influenced the fatality and severity indices, since personal injuries are fortunately reduced by a high percentage. However, the fact that there was no increase in accidents after a certain date (even when the traffic volumes increased) appears to point to a relationship with the budget reductions for roads and, therefore, for road maintenance.
To verify this hypothesis, the standard road safety indices were calculated: risk, fatality, and severity indexes. The probability of traffic accidents occurring for each driven kilometre is shown by the Risk Index. In the case of the Fatality Index, the likelihood of death in a traffic accident is a quantifiable value. Finally, the Severity Index indicates the probability of dying once an accident has been occurred. Equations (1) to (3) show the expressions to obtain these indices [27] : These indexes can be employed to analyze and, in some cases, even to forecast the accidents rate and their consequences, as proposed by Commandeur et al. [28] .
Employing the data presented in Figure 1 and Table 2 , we can calculate each one of these indices. The results are shown in Figure 2 , where we can see that both the Fatality and the Severity Indexes show a decreasing trend, except in 2014, with a slight increase in the FI compared with previous years. Nevertheless, the trend of the Risk Index is clearly opposed, with an initial minimum in 2011, but followed by a high increase until 2013, coinciding with the last few years of the economic recession, and then another low value in 2015.
As previously noted, the passive safety systems of automobiles, increasingly more sophisticated and efficient, are one of the main causes of the decrease in both the Fatality and the Severity Indexes. But the Risk Index is related more to the state of the road (and to the active safety systems of vehicles, as well), so we can analyze whether the reduction in conservation and maintenance budgets might have had some influence on its dramatic growth between 2011 and 2013.
This hypothesis agrees with Hakkert et al. [29] , who discussed the problems associated with the use of exposure and risk and gave examples of various safety studies. Their conclusion was that these terms should in practice be defined within the context of the issue under study. For each application, the correct exposure measure should be used: in the case of transport, the most widely used measure of exposure was the number of kilometres travelled for each travel mode (vehicles-kilometre travelled). In addition, Chan, Huang, and Yan [30] studied the effect of asphalt pavement conditions on traffic accidents, by using negative binomial regression models.
Comparison between Economic and Accidents Data
In this section, the economic and the road safety data presented in the previous chapters will be compared, in order to analyze the influence of one on the other. Initially, the possible existence of a relationship between the annual road budgets (overall or only for conservation purposes) and safety indexes will be discussed. Afterwards, a brief economic assessment of this relationship will be done, by comparing the savings in maintenance with the eventual higher costs due to accidents.
Relationship between Annual Budgets and Safety Indexes.
The possible relationship between the data gathered on annual budgets and the rate of endangerment will be analyzed. The reasons for selecting this ratio are due to the lower influence of passive safety systems, increasingly sophisticated and widespread in the vehicle fleet, on the Risk Index, rather than the calculated ones. Thus, we employed regression techniques to determine the possible correlation between the different budgets and the Risk Index. Even though the results of various types of regression tests were quite similar, we finally chose the linear models. As previously mentioned, the budget data between 2009 and 2014 were included in the analysis, as the rest of the data were not directly comparable, due to the change in their structures.
In Figure 3 , the relations between the road budgets and the Risk Index of the following year are shown, as the impact of a low conservation budget was not immediately detected, except for a certain period. Figure 4 shows the same effect two years later. We can observe that the trends in these figures show an increase in both the slope of the regression line and the R2 index over time. However, the R2 indexes were not strong enough in some cases.
Finally, rather than with the budgets of the preceding year, the analysis of the relation of the Risk Index, with the average of the previous years, is even more illustrative. Figures 5 and  6 show the results of this relationship. There we can see that not only that the gradient of the regression line grows (in an absolute value), but also that the coefficients of determination R2 started to reach significant values: higher than 95% with the budgets over the 3 preceding years.
Therefore, we can conclude this section by pointing out that that there is a relationship between the budgets for roads and their endangerment. This relationship is much more clear and intense when we specifically analyze budgets for maintenance operations. We can also see that a decrease in the maintenance budget has an effect on the Risk Index for the following years, because the deterioration of roadways has a higher impact on road safety over subsequent years rather than in the year that corresponds to the budget allocations. If instead of considering the annual value of budgets, we take the average of the previous years (much more realistic), the coefficient of determination reaches levels that are higher than 95%, which are considerably significant for our purposes.
Economic Assessment.
Finally, in this section, we will analyze whether these reductions in road budgets are economically profitable or whether the costs associated with the new accidents outweigh the savings. For this purpose, we shall employ the regression line obtained in Figure 6 , which shows the relationship between the Risk Index (RI) and the Risk Index (year t) 
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Thus, once we have established the real number of VKT over the last few years of the recession, we can estimate how many accidents could have been produced, if the budgets had been maintained at the same levels before the economic crisis.
As we can see in Table 1 Table 3 .
Comparing these values with those presented in Table 2 , we can see that more than 3,900 accidents involving victims could have been avoided, had the road maintenance budgets remained constant at the same levels as 2011 (scenario 1). Even in the intermediate hypothesis (scenario 2), roughly 1,300 accidents could have been prevented between 2012 and 2013. We can therefore estimate how many fatalities could be avoided, basing our study on the values presented in Table 3 and Figure 2 (Severity Index) and the data relating to the average number of injured in each accident [25] . If we transform it into monetary units, we can determine the incremental cost for Spain, because of the increase of the Risk Index in its roads. These calculations are presented in Table 4 .
If the conservation budgets had remained constant at the same levels as 2011 (scenario 1), over 1650 M€ could had been saved in terms of accident-related costs during the period under consideration. Even in the intermediate hypothesis (scenario 2), this incremental estimated cost of accidents is higher than 500 M€. By analyzing Table 1 , we can see that the savings in the conservation budget from 2011 to 2014 amounted to a total amount of 746 M€. Therefore, we can conclude that for each Euro not spent on the maintenance of roads generated a cost of traffic accidents within a range of between 0.7 and 2.2 Euros. There are also studies that have affirmed that if the trends towards further reductions remained unmodified, then after some years the reconstruction of the network would be needed, so the final cost would considerably increase [33] .
Thus, even if we were not to consider the economic assessment, the savings in conservation and maintenance budgets were not acceptable in terms of road safety. Human life is so important that no economic assessment can be considered when we are considering accidents that bring nothing but human pain and suffering.
Conclusions
In this paper, the effects of the economic recession in certain countries and especially Spain on road safety have been analyzed. This crisis has modified both the amounts invested in road infrastructure, construction of new roadways or maintenance of the existing ones, and the traffic flowing through them, making them decrease. However, much more important is the impact of these issues on the safety indexes, which directly affects the relative number of accidents.
According to our results, we can underline six main conclusions: (iv) The fatality index, which is related to the above data, has fortunately been decreasing each year during the period under analysis. However, the Risk Index achieved a minimum value in 2011, but underwent a high, 11%, increase over the following two years. We considered that this index was the most representative, since the others were influenced by the passive safety of vehicles to a greater extent. These systems are, fortunately, more and more advanced and therefore prevented deadly casualties in the case of accidents involving severe injuries.
(v) If we study the relationship between this Risk Index with the road conservation and maintenance budgets, we see a real correlation between the average maintenance budget over the preceding years and the possibilities of having an accident in the actual one. This correlation is defined by the determination coefficients, which reached a value of 27% when analyzing the preceding two years and 99% over the preceding three years.
(vi) Finally, if we try to assess the economic impact of these two opposing variables, lower budgets and higher Risk Indices, we can determine that this reduction of conservation budgets does not lead to a real saving, as the cost of the additional accidents was higher (by between 0.7 and 2.2 times). Additionally, the maintenance (or reconstruction) costs in the future will grow much more than the usual amount, such that the effect of negative savings were even higher, added to the human tragedy associated with road traffic accidents, fatalities, and victims.
Hence, we can conclude by underlining the relationship between the road infrastructure investment budgets and the associated safety indexes. This relation cannot be ignored, because any decrease in maintenance budgets will eventually provoke a fatal accident. Even if we consider the problem in economic terms, each Euro invested in the conservation of roads is more than compensated in terms of fewer accidents. We should encourage the relevant authorities to continue investing in road infrastructure even in economic recession periods, particularly in maintenance and conservation operations (other large investments in transport could instead be reduced), as investment in maintenance affects the accident rate on our roadways, with several economic consequences, added to the human lives that are placed at risk.
Data Availability
Previously reported budget, accidents, and traffic data were used to support this study and are mainly available at Government of Spain pages (https://www.fomento.gob.es; http://www.dgt.es). These prior datasets are cited at relevant places within the text as [21] [22] [23] [24] [25] [26] 31] .
